Summary.-Cultures of human astrocytoma have been derived by collagenase digestion and are presumed, from their aneuploid karyotypes, to be predominantly neoplastic. Early passage cultures in proliferative phase have been cloned in the presence of dexamethasone and betamethasone, both commonly used in management of patients with brain tumours. These steroids raise both the cloning efficiency and the proliferative capacity of cells within each clone. Inhibition was detected only in very high steroid concentrations (25-50 ,ug/ml). Since these concentrations are unlikely to be attained in vivo it is concluded that anticipated physiological levels of these steroids enhance cell survival at low densities in culture. The significance of this in vivo is discussed.
ONE of the many clinical applications of glucocorticoid steroids has been in the management of patients with brain tumours. Administration of dexamethasone or betamethasone can rapidly alleviate symptoms due to raised intracranial pressure in these patients, by reduction of cerebral oedema in normal brain surrounding the tumour (Becker, Young and Vries, 1975) . Steroid treatment has not only reduced the operative mortality but also appears to improve the quality of life and survival for several months after surgery (Gutin, 1975) . Withdrawal of steroids often results in rapid deterioration and death. This has been taken as evidence for a secondary cytostatic action of these drugs, although no kinetic evidence is available in vitro or in vivo to confirm this.
Well documented evidence exists that steroids are effective, alone and in combination with other drugs, in chemotherapy of leukaemia (Frei, 1972) and Wright, Shaumba and Keller (1969) were able to demonstrate tumour retardation in rats with a transplantable ependymoma treated with methyl prednisolone acetate. A number of reports have shown that levels of 50-100 ,tg/ml hydrocortisone are cytotoxic to rat embryo (Wellings and Moon, 1961) and Chang liver cells (Wellington and Moon, 1961) but this is so much higher than the anticipated plasma levels that its significance is not clear. Both inhibition and stimulation of proliferation have been described in monolayer cultures of human glioblastoma (Mealey, Chen and Schanz, 1971 ) but again, significant cytotoxicity was demonstrated mainly above 25 ,tg/ml dexamethasone phosphate. It remains unclear whether steroids at physiological or chemotherapeutic levels are cytotoxic or cytostatic.
In this report we have attempted to find out whether the two steroids most commonly used with brain tumours, dexamethasone and betamethasone, have any cytostatic effect on clonal growth of human astrocytoma.
MATERIALS AND METHODS
Cultures were derived from 5 different astrocytomas (Table) by dissociation in collagenase (Freshney, 1972 
RESULTS

Identity of cells
All cultures were derived from astrocytoma by collagenase digestion. Although cultures have been obtained by us from normal brain by this method, it is unusual to obtain a yield or initial growth rate comparable to that found with tumour material. The cytology of the cells used for clonal growth studies was typical of astrocytoma strains cultured here. The cells were spindle-shaped with very long processes forming a reticular network (Fig. I a) . There was no indication of fibroblastic contamination.
Electron micrographs showed that the majority of the cells in culture were morphologically similar ( Fig. 2a and  inset) . The nucleus was irregular in outline, with clumps of heterochromatin attached to the inner margin of the nuclear membrane, and there was often a prominent nucleolus. The cytoplasm of these cells contained a Golgi complex, moderate quantities of smooth and rough endoplasmic reticulum, a variable number of multivesicular bodies and free ribosomes, 7-10-nm-thick filaments, the occasional dense body and multiple "condensed" mitochondria. free ribosomes, bundles of fine filaments and " condensed " mitochondria. In some, the cisternae of the endoplasmic reticulum were dilated and contained granular material. Although none of the cells contained rod-shaped cytoplasmic inclusions, large unit membrane-bound vacuoles with a relatively electron-lucent matrix and containing a few tubules were seen in this component (Fig. 2b) .
Only the occasional smooth-muscle cell was seen and there appeared to be a complete absence of fibroblasts. The cytoplasm of most cells contained moderately sized clumps of glycogen.
The chromosome numbers of two lines are presented in Fig. 3 ./ .7 decrease in cloning efficiency and colony size at all concentrations of both betamethasone and dexamethasone (Fig. 6) . A line of minimal deviation hepatoma cells (MDH), which have been shown to respond to dexamethasone in this laboratory (Sommerville, personal communication), plated with and without dexamethasone, gave a cloning efficiency of 230o in controls but no discernible colonies at all in 125 ,ug/ml or 12 5 ,ug/ml dexamethasone.
An acromegalic pituitary cell culture, of similar age to the astrocytoma cultures used, gave a cloning efficiency of 39.400 with 12-5 ,jtg/ml dexamethasone and 16.9% without. However, the colony size dis-~~~~~a A problem encountered in studying tissue cultures derived from tumours is establishing the cell type by morphological criteria. The general problem of morphological identification arises because of the lack of specificity of the appearances of many cell lines from diverse sources after adaptation to culture (Weinstein and Kornblith, 1971) . However, the light microscopic configuration of astrocytes is generally retained in shortterm culture though it becomes less apparent in later generations (Lumsden, 1971) . Similarly the electron microscopic features of glioma cells in culture retain many of the features of neoplastic astrocytes (Weinstein and Kornblith, 1971; Macintyre, Ponten and Vatter, 1972) .
The principal type of cell used in the present study was considered to be astrocytic in nature. The cultures, however, were not pure, as the occasional smooth muscle cell was seen, and a proportion (15-20%) of the cells may have been endothelial in origin (Jaffe et at., 1973; Kawamura et al., 1974; Haudenschild et al., 1975) , though the characteristic rod-shaped cytoplasmic inclusions first described by Weibel and Palade (1964) were not seen.
There is abundant evidence that dexamethasone can have a direct effect on the regulation of cell metabolism by enzyme induction (e.g. Levinson, Tomkins and Stellwagen, 1971) , with regulation probably occurring at the transcriptional level. Little evidence exists, however, for a generalized cytostatic action. Some authors have shown that rat embryo cells (Wright et al., 1969) and human glioblastoma (Mealey et at., 1971) are sensitive to high levels of steroids, and concentrations of 50-100,g/ml hydrocortisone, prednisolone, and dexamethasone produced cytotoxicity as measured by reduced monolayer growth and cytological damage.
Assuming a maximum in vivo dosage of 24 mg orally every 6 h, it is unlikely that the plasma levels in an individual exceed 5-10 jug/ml. The ten-fold excess necessary for cytotoxicity would be difficult to achieve unless active concentration or binding occurs, resulting in an uneven distribution between tissue and plasma compartments.
The results obtained here confirm previous observations that steroids may become cytotoxic at higher than physiological levels, but not at the concentrations normally anticipated during treatment, particularly via oral administration, the route commonly employed for treatment of patients with brain tumours. Ballard and Tomkins (1969) and others (Iype, personal communication) have shown that cell adhesion is enhanced in the presence of dexamethasone, possibly via a modification in cell surface glycoproteins. This may have contributed to the increase in plating efficiency and reduction in cell migration observed during clonal analysis. It is important to note that the observed increases in cloning efficiency were accompanied by marked changes in the size distribution of the colonies, implying an increase in cell proliferation. Preliminary results with a human pituitary tumour culture have shown a doubling in cloning efficiency in dexamethasone but considerable reduction in colony size. Similarly, MRC5 fibroblasts had a higher cloning efficiency in betamethasone but formed smaller colonies. This demonstrates that stimulation of plating efficiency does not necessarily lead to an increase in clonal growth.
It is possible that increased cell attachment, altering the viable cell concentration, may influence a conditioning of the medium. However, conditioning is usually performed at much higher cell concentrations, and feeder-layer effects are lost below 10,000 cells/ml (Macpherson and Bryden, 1971) . Even at the highest cloning efficiency in the present series of experiments (26%, WLY plus betamethasone) the viable cell concentration would only be approximately 12 cells/ml after plating and would not reach 10,000 cells/ml until about 10 generations (about 1000 cells/colony), by which time the effect is already apparent.
Further attempts to investigate the specificity of the response to dexamethasone by treating rat minimal deviation hepatoma cells, which are known to respond to dexamethasone, MRC5 fibroblasts, and cell cultures derived from human brain, confirmed that the stimulation of clonal growth is specific to astrocytoma cultures, although the effect on cloning efficiency may be more general. Furthermore, the difference in the response between normal brain-derived cultures and those derived from astrocytoma implies that the cells cultured from astrocytoma are qualitatively different from the endothelial-like cells observed in normal brain cultures.
Stimulation of cell proliferation indicated here has serious implications for in vivo administration. However, it should be emphasized that these observations are made in cell culture at very low cell densities and so far no attempt has been made to confirm this in vivo. At present, these steroids have undoubted clinical advantages in the management of patients with brain tumours and the proper relevance of these findings must await further in vitro and in vivo observations. 
